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ABSTRACT

North Carolina's 31.2 million acres of land area
support 1.7 billion tons of woody biomass. Of this
total, 94 percent is on timberland, 3 percent on non-
forest areas, and 3 percent on reserved timberland and
woodland areas. Over the next two decades, more than
12.8 million tons of woody biomass could be harvested
annually from timberland without adversely affecting
timber supplies.
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Wood is being used as a source of ener-
gy for both domestic and industrial needs.
There is considerable interest in any
opportunity to rid timberland of vast
quantities of wood and bark in low-
quality trees. There is also concern
that large—-scale use of wood for energy
could jeopardize supplies of growing
stock counted on for other products.
Although this uncertainty makes it dif-
ficult to differentiate between energy
wood and growing stock, it is imperative
that the quantity, composition, distribu-
tion, and prospective availability of
total woody biomass be evaluated.

Traditionally, State and regional
forest inventories have been designed to
estimate the volume of wood from a l-foot
stump to a 4.0-inch top diameter out-
side bark (d.o.b.) for trees 5.0 inches
and larger in diameter at breast height
(d.b.h.). Recently prepared statistical
reports for North Carolina focus pri-
marily on volume of growing-stock timber
measured to these standards (Bechtold
1985; Craver 1985; Davenport 1984;
Hutchins 1985; Sheffield and Knight 1986;

Tansey 1984). Because of the growing
interest in woody biomass as a source of
energy, however, the additional amount of
wood and bark in all trees on timberland
and the total wood and bark biomass on
reserved timberland and woodland and non-
forest areas must be analyzed.

Forest Inventory and Analysis (FIA) at
the Southeastern Forest Experiment
Station is in a particularly favorable
position to make a statewide biomass
assessment because it has a permanent set
of sample plots uniformly scattered
across all forest and nonforest areas in
North Carolina, Virginia, South Carolina,
Florida, and Georgia. The advantages in
having permanent sample plots are that
they can be revisited, subsampled, or
used as a proportionate sample of the
entire area base.

Woody biomass is defined as the green
weight of aboveground wood and bark in
live trees 1.0 inch d.b.h. and larger,
from the ground to the top of the tree.
All foliage is excluded. The weight of
wood and bark in lateral limbs, secondary
limbs, and twigs less than 0.5 inch in
diameter at the point of occurrence on
sapling-size trees is included, but that
on poletimber and sawtimber-size trees is
excluded. The primary objective of this
study is to present the distribution and
quantity of woody biomass on forest lands
and nonforest areas. Other objectives
are to compare total biomass including
bark, as defined, with conventional
growing stock; to quantify the unutilized
sources of forest biomass in recently




harvested areas where wood is left as
residues; and to identify stands in need
of regeneration. Finally, this study also
identifies new opportunities for studying
forest yields in terms of site, stocking
and age classes, timber utilization, and
successional trends.

Methods

The 1984 multiresource inventory of
North Carolina provided a full array of
biomass data from all lands in North
Carolina. The techniques and procedures
used are not the only methods available,
but their value has been demonstrated in
the most recent biomass inventory of
Florida (Cost and McClure 1982). The
method of inventory is a sampling proce-
dure designed to provide reliable area,
volume, growth, and removal statistics
primarily at the State and Survey Unit
levels. Little is known about degree of
precision or number of samples needed for
biomass inventories. Since these guide-
lines were lacking, this biomass evalu-
ation is for the entire State to
minimize sampling errors.

Within forest land, numbers of trees,
sizes, and quality were recorded at each
sample plot. Trees 5.0 inches d.b.h. and
larger were measured at 3 to 5 points
where variable-radius plots were defined
by a prism with a basal area factor of
37.5. Trees less than 5.0 inches d.b.h.
were tallied on 1/300-acre plots around
the point centers. Biomass measurements
were recorded at 5,355 timberland loca-
tions, 46 reserved timberland locationms,
and 12 woodland locations across the
State. From a crown closure stratifica-
tion of all nonforest plots, 277 sub-
sample locations representing different
crown closure classes and land uses were
visited on the ground. At each location
the number of trees 1.0 inch d.b.h. and
larger, species associated with nonforest
uses and occurring as narrow stringers,
and small patches of forest and remnant
parcels of forest land not qualifying as
timberland were recorded on a l-acre cir-
cular plot. These sample counts were
expanded to represent the total popula-
tion of trees on land classified as
forest and nonforest. Volume equations,

based on detailed measurements of
standing and felled trees in North
Carolina and on similar measurements
taken from other trees throughout the
Southeast, were used to compute merchan-
table and total cubic volume (Cost 1978).
Weight equations provided by the
Utilization of Southern Timber Research
Unit of the Southeastern Forest
Experiment Station in Athens, GA, made it
possible to convert volume to weight.
The procedures used for collecting and
reporting detailed biomass data were
outlined by Saucier (1979) and Clark
(1979).

Sheffield and Knight (1986) described
timberland in terms of six broad manage-
ment classes: (1) nonstocked forest, (2)
pine plantation, (3) natural pine, (4)
oak-pine, (5) upland hardwood, and (6)
lowland hardwood. Nonstocked forest is
timberland less than 16.7 percent stocked
with growing-stock trees. The other
broad management classes are based on
forest type, determined by the stocking
of all live trees. 1In all stands where
pines made up a plurality of the
stocking, the broad management class was
either pine plantation or natural pine.
These two classes were differentiated by
stand origin. Where there was evidence
of planting or artificial regeneration,
the stand was classified as a pine plan-
tation. Oak-pine was the classification
assigned to stands where hardwoods
accounted for a plurality of the stocking
but in which pines made up 25 to 50 per-
cent of the stocking. 1In all other
stands, hardwoods and cypress constituted
a plurality of the stocking, and forest
type was used to distinguish between
upland and lowland hardwood classes.
Oak-hickory and scrub oak types were
classified as upland hardwood. Oak-gum-
cypress and elm—ash-cottonwood forest
types were classified as lowland
hardwood.

Since assignment of forest types is
based on the stocking of all live trees
except those overtopped rather than on
the stocking of growing-stock trees, the
broad management classes are even more
meaningful in the evaluation of biomass.
In this study of woody biomass, the broad
management class "nonstocked forest' used



in the timber evaluation was distributed
among the other classes, based on forest
type. Although these stands contain
insufficient growing stock to be con-
sidered stocked, many contain substantial
amounts of biomass in rough and rotten
trees.,

Acreage of timberland, by broad manage-
ment classes, was further defined by
stand-age classes. Ten-year age classes
were selected for this analysis since
very little merchantable-size timber
accrues in a stand before age 10 and many
pine stands are managed on 30-year rota-
tions. Stand-age data were collected to
the year rather than in classes; there-
fore, any age-class distribution could
have been selected. There are dif-
ficulties in determining a meaningful age
in some natural stands. An understanding
of these difficulties is important to the
interpretation and use of some of the
empirical data on yields of forest
biomass presented in this report.

Often natural timber stands are a mix-
ture of residual trees from a former
stand and of younger trees established
following the most recent harvest or
disturbance. In these cases, field crews
recorded the average age of trees of com—
mon origin that accounted for a plurality
of the stocking as long as they were of
sufficient number to form a manageable
stand for timber production--normally 60
percent or more of the minimum number
required for full stocking. Where insuf-
ficient trees of common origin were pres—
ent for a manageable stand, the age was
based on all trees present.

Also, the acreage within each broad
management class was further broken down
by site and stocking class. The stocking
classes were based on all live trees
rather than on growing stock. Average
green weight of woody biomass per acre
was compiled for each subdivision. The
weight equations used were sensitive to
species, d.b.h., and total height. There
may be additional variation in weight
attributable to geographical differences,
stand origin (planted vs. natural), or
tree section that would not be reflected
in this study.

Results and Discussion

Total Biomass

The quantity of biomass in each broad
use category is highly dependent upon the
acreage within the State as well as on
the concentration of material on these
acres. In interpreting biomass quan-
tities, therefore, it is helpful to know
how many acres are in each category.

Use category Thousand Percent
acres
Timberland 18,450.3 59
Reserved timberland
and woodland 502.6 2
Nonforest 12,275.3 39
Total 31,228.2 100

The 31.2 million acres of timberland,
reserved timberland and woodland, and
nonforest land in North Carolina support
more than 1.7 billion tons of woody
biomass. Figure 1 shows the distribution
of biomass by land use category.
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Figure 1.-~Percentage distribution of green weight of

@boveground woody biomass, by land class, North
Carolina, 1984.




Timberland Biomass Resource

A compilation of acreage of timberland,
by broad management and stand-age classes,
provides a good basis for examining the
quantity, composition, distribution, and
prospective availability of woody biomass
in North Carolina (table 1). Table 1
shows a large concentration of pine plan-
tations between 0 and 30 years old and
natural pine between 21 and 50 years old.

During the late 1950's and early 1960's,
extensive acreage was planted under the
Conservation Reserve Soil Bank Program,
During this era, extensive acreage of
idle cropland reverted naturally to pine
stands. Since about 1974, North Carolina
has experienced a sharp reduction in
acreage of idle cropland reverting to
forest. Tree planting on old fields also
decreased sharply following the ter-
mination of the Soil Bank Program. The
acreage figures for natural pine stands
in table 1 reflect these changes in land
use.

For the oak-pine and upland hardwood
stands, the greatest acreage is in the
stand-age classes from 31 through 70.
Many of these stands are on sites that
previously supported pine, but where pine
was not adequately regenerated at the
time of harvest. Both lowland and upland
hardwood stands account for over 80 per-
cent of all stands 71 years old and
older. Most of these stands are located
throughout the Mountains on steep slopes
and in the Coastal Plain in deep swamps.
Over the years, the large and good-
quality trees have been high graded from
these stands, leaving the smaller and
poorer quality trees.

Total biomass and biomass of conven-
tional growing stock. For the 18.5
million acres classified as timberland,
green weight of conventional growing
stock averaged 59.4 tons per acre (table
2); for total woody biomass, the average
was 88.6 tons per acre, or 49 percent
more (table 3). By broad management
class, the largest difference between
average weight of conventional growing
stock and total woody biomass per acre
was found in hardwood stands. Across all
ages combined, average weight of total
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biomass exceeded average weight of con-
ventional growing stock by 31 tons per
acre, or 50 percent, in upland hardwood

stands. In lowland hardwood stands, the
average weight difference was more than
38 tons per acre.

Table 2 provides measures of the
average accumulation of biomass within
each broad management class over time.

As one would expect, conventional growing
stock accumulates somewhat faster in pine
stands, especially pine plantations, than
in oak-pine and hardwood stands. Control
over both species composition and spacing
in pine plantations shortens the time re-
quired to grow merchantable timber prod-
ucts. By broad management class across
all age classes, average weight of con-
ventional growing stock ranged from a low
of 28.7 tons per acre in pine plantations
to a high of 71.5 tons per acre in
lowland hardwood stands.

Table 3 shows that natural pine, oak-
pine, upland hardwood, and lowland hard-
wood stands keep pace with the more
intensively managed pine plantations in
production of biomass up to age 10.
Beyond age 10, woody biomass accumulates
much faster in the intensively managed
pine plantations. The low overall aver-
age for pine plantations is attributed
to the large proportion (99 percent) of
these stands that is less than 31 years
old. On the other hand, more than 72
percent of the lowland hardwood stands
were 31 years old or older. The rel-
atively low production of biomass
indicated for the oak-pine management
class can be attributed in part to the
origin of many of these stands. A large
portion of this acreage supports sparsely
stocked conditions on upland sites left
following the harvest of former pine
stands.

Living logging residues. As part of
the inventory in North Carolina, field
crews at each sample location noted the
primary treatment or disturbance in evi-
dence that had occurred between 1974 and
1984, Sheffield and Knight (1986: tables
IV, V) reported the results, by broad
management and ownership classes. As
part of this evaluation of woody biomass,
these acreage estimates were recompiled,
eliminating ownership class (table 4).



During the 1974-84 period, almost
600,000 acres annually experienced sig-
nificant treatment or disturbance, and
timber harvesting was the most common
forestry activity observed. On the
average, slightly more than 206,000 acres
underwent a final harvest annually,
exclusive of intermediate cutting, com-
mercial thinning, harvesting with artifi-
cial regeneration, and land clearing.
Green weight of woody biomass left in
standing trees for these harvested stands
averaged 24.2 tons per acre (table 5).

Since all of these treatments occurred
during the remeasurement period, one can
assume that measures of average biomass
per acre reflect the quantities some 5
years after the treatment in cases of
harvesting, thinning, and planting. It
is important to keep in mind that broad
management classes describe the forest
type at the beginning of the remeasure-
ment period rather than at the end. By
broad management class, average weight of
woody biomass that was left following
other harvesting ranged from 12.8 tons
per acre in pine plantations to 29.7 tons
per acre in upland hardwood stands. Much
of the biomass in these stands is in
rough, rotten, and small trees that com-
pete for growing space, thereby inhibit-
ing the development of a productive new
stand. An examination of these stands
shows that they average 499 stems per
acre. Figure 2 shows that more than 89
percent of these trees are 1.0 and 5.0
inches d.b.h.

The low average for plantation biomass
reflects areas clearcut, site prepared,
and planted within the 10-year period.
The high average for upland hardwood
reflects quantities of biomass left after
high grading of these stands within the
same period.

The 24.2 tons per acre of woody biomass
following other harvesting (table 5)
include only material in living trees.
Stumps, tops, and limbs of cut trees left
as conventional logging residues are
excluded, Even in pine plantationmns,
substantial quantities of such residues
are commonly pushed up into windrows when
there is intensive site preparation
following harvesting.
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Figure 2.--Distribution of living residues in har-
vested stands, by diameter class, North Carolina,
1984.

Poorly stocked stands. Field crews
noted obvious opportunities for
increasing prospective timber growth on
sample plots. Sheffield and Knight
(1986: table VII) show acreages providing
these management opportunities. For our
study we recompiled the acreage, elimi-
nating ownership class and idle cropland,
and redistributed nonstocked forest among
the other management classes (table 6).

There are 2.0 million acres of timber-
land in North Carolina too poorly stocked
with acceptable trees to manage for
timber production. These acres represent
the backlog of needed regeneration on
manageable sites in North Carolina. They
contained an average of 33.2 tons of
woody biomass per acre (table 7).

Biomass on these poorly stocked acres



comprised mostly rough, rotten, and other
low-quality trees. The biomass in these
stands can be characterized much like the
biomass in recently harvested stands. On
the average, these stands contain 489
trees per acre. More than 85 percent of
the trees are between 1.0 and 5.0 inches
d.b.h., and three-fourths of the biomass
is in hardwood. Altogether, these acres
contained about 4 percent of the total
woody biomass in the State. Practically
all of this biomass could be removed and
used for energy without adversely
affecting prospective timber supplies.

Another 218,000 acres supported man-
ageable stands but will contribute very
little net annual growth unless converted
to species more suitable to the sites.
Such areas contained an average of 54.7
tons of woody biomass per acre.

Over 59,000 acres supported seriously
damaged stands that needed to be salvaged
~and regenerated. These stands contained
substantial volume of merchantable timber
seriously damaged by fire, insects,
disease, wind, ice, or other destructive
agents. Woody biomass in these stands
averaged 123.2 tons per acre, plus an
undetermined amount of wood and bark in
dead trees.

Finally, about 2.3 million acres of
immature stands were too demsely stocked
with small, merchantable-size trees or
were receiving serious competition from
rough trees or other inhibiting vegeta-
tion. Without some treatment, growth of
these stands quite likely will be reduced
by suppression. Biomass removed during
thinning or cleaning represents another
source of energy wood that would not
adversely affect prospective timber
supplies.

More than 67 percent of the woody
biomass in North Carolina was either in
stands in good condition needing no
treatment or in stands growing on sites
limited by year-round water problems.
More than 9.1 million acres supported
immature stands in relatively good con-
dition., These stands are at least 60
percent stocked with trees of acceptable
quality and free from significant damage
or competition. On these acres, biomass
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averaged 82.1 tons per acre. An addi-
tional 2.8 million acres supported stands
with year-round water problems or on
slopes of at least 40 percemt. On these
adverse sites, woody biomass averaged
119.7 tons per acre. Annually, since
1974, less than 1 percent of these sites
have experienced any cutting or treat-
ment. Hardwood stands accounted for the
largest portion of these sites. Such
stands probably will not be cut in large
quantities at any particular time.

About 33 percent of the woody biomass
in North Carolina is in stands where
prospective energy wood could be har-
vested without adversely affecting timber
supplies.

Rough and rotten trees. North
Carolina's timberland supported 1,638.4
million tons of woody biomass in 1984.
Growing-stock trees accounted for 89
percent of the woody biomass (table 8).
The remaining 11 percent was in trees 1.0
inch d.b.h. and larger which failed to
meet minimum standards for growing stock
because of species, poor form, or rough-
ness. Theoretically, this biomass could
be removed without adversely affecting
existing and prospective supplies of
timber. Over 40 percent of the biomass
in rough and rotten trees 5.0 inches
d.b.h. and larger was in the bole por-
tion. This biomass could be harvested
with conventional equipment. The
remaining 60 percent was in saplings,
stumps, tops, and limbs and would require
specialized harvesting methods.

Other potential sources of woody biomass

are stumps, tops, and limbs of growing-
stock trees 5.0 inches d.b.h. and larger.
Since this material would normally not be
available before harvest, the 14 percent
of woody biomass in stumps, tops, and
limbs of growing-stock trees in table 8
probably overestimates the amount of this
kind of material at any given point. From
a practical standpoint, the 8 percent
biomass in growing-stock saplings should
not be counted in estimates of energy
wood as this is needed to replace current
growing~stock supplies.

Table 8 simplifies the comparison of
growing stock and total woody biomass
among the major species groups. For



example, hardwoods account for more than
64 percent (936.9 million tons) of the
total biomass of growing stock but for
68 percent (1,114.9 million tons) of the
total woody biomass.

Totaling energy biomass. A few reason-
able assumptions are required to estimate
the amount of woody biomass that could be
harvested for energy in North Carolina.
The 2.0 million acres of poorly stocked
timberland classified as offering a re-
generation opportunity are the primary
source of energy wood that could be har-
vested without adversely affecting
prospective timber supplies. This area
supports more than 33 tons of woody
biomass per acre. If 5 percent of this
acreage (101,127) is cleared each year
and an average yield of 33.2 tons per
acre is assumed, some 3.4 million tons of
energy wood could be harvested annually
from these lands during the next 20 years.

The second major source of prospective
energy wood is available on the more than
206,000 acres of timberland harvested
annually., This area supports more than
24 tons per acre of woody biomass left
standing after harvest. If an average of
24,2 tons per acre is assumed, 5.0
million tons of additional energy wood
could be harvested annually from these
living residues. Based on FIA plot
remeasurement data and utilization stud-
ies, it is estimated that the weight of
logging slash and logging residues
remaining in recently harvested stands in
Georgia is equivalent to 21.1 tons per
acre. A breakdown of this total shows
conventional logging residues represent
about 31 percent, or 6.5 tons per acre.
Logging slash is the unmerchantable por-
tion of growing-stock trees (including
saplings) plus all cull trees 1.0 inch
d.b.h. and larger cut or destroyed during
logging operations and not used. These
represent 69 percent of the total, or
14.6 tons per acre. If an average of
21.1 tons per acre is assumed, 4.4
million tons of additional energy wood
could be harvested annually from these
living residues in North Carolina. It
should be noted that these weights do not
include those residues available from
stands experiencing cultural practices
other than harvest.

Based on these assumptions, at least
12.8 million tons of energy wood could
be harvested annually over the next 20
years in harmony with conventional
forestry practices and opportunities. Onm
a green weight basis, this tonmage of
energy wood is about 59 percent of the
total harvest of industrial products in
North Carolina in 1983.

Hardwood in pine stands. On North
Carolina's 4.7 million acres of natural
pine, woody biomass consisted of 73 per-
cent yellow pine, 23 percent hardwood,
and 4 percent other softwoods (table 9).
Many pine stands between 10 and 40 years
old were established on idle cropland
relatively free of hardwood root stocks.
Yellow pine accounted for a higher pro-
portion of the biomass in these stands
than in pine stands less than 11 years
old. Many pine stands established more
recently were installed on cutover forest
land where the hardwood root stocks are
entrenched. Even with intensive site
preparation for planted pine, hardwoods
make up 19 percent of the woody biomass
in stand-age class 0-10. In oak-pine
stands where pines account for only 25 to
50 percent of the stocking, the pine
biomass makes up only 34 percent of the
total biomass. Pine makes up only 4 per-
cent of biomass in upland hardwood and 3
percent in lowland hardwood stands. These
statistics bear out the region's natural
successional trends.

Large trees in young stands. As stated
earlier, natural pine, oak-pine, upland
hardwood, and lowland hardwood stands are
keeping pace with the more intensively
managed pine plantations in production of
biomass up to age 10. Table 10 provides
some indication of how this has occurred.
More than 69 percent of the total biomass
in pine plantation 0-10 years old was in
trees less than 5.0 inches d.b.h. Only
an average of 32 percent of the trees in
young natural pine, oak-pine, upland
hardwood, and lowland hardwood stands
were in the smallest size class. A
significant proportion of the biomass in
the hardwood stands is in larger trees
that were left during harvests of former
stands. The large trees in the 0-10 age
class in natural pine and oak-pine stands
also are residuals from former stands.




Site and stocking affect yield. Within
each management class, the production and
distribution of woody biomass in North
Carolina by site, stocking, and age class
is examined. The site classes are those
used in the timber evaluation. Good
sites are those capable of annually pro-
ducing timber growth of 85 cubic feet or
more per acre in fully stocked natural
stands; medium sites, 50 to 85 cubic
feet; and poor sites, 20 to 50 cubic
feet. The stocking classes are based on
all live trees rather than growing stock:

Stocking class Stocked (percent)

Fully stocked 100 or more
60-100

Less than 60

Medium stocked

Poorly stocked

Tables 11 to 15 show the distribution
of acreage within each broad management
class by site, stocking, and age class.
Statewide, over 65 percent of the tim-—
berland was fully stocked. A breakdown
of site classes for timberland across the
State shows 87 percent of the area to be
either good or medium sites. Among the
five broad management classes, lowland
hardwood stands have the highest propor-
tion of good sites, with a high of 38
percent compared with a low of 30 per-
cent for pine plantations. On the other
hand, pine plantations had the highest
proportion of fully stocked stands, with
a high of 78 percent compared with a low
of 56 percent for upland hardwood stands.
The low averages for upland hardwood
stands reflect both the acreage of scrub
oak included in this management class and
inadequate regeneration efforts after
harvest.

Tables 16 to 20 show the average green
weight of woody biomass per acre within
each broad management class by site,
stocking, and age class., Since more than
98 percent of pine plantations were less
than 31 years old, the relatively low
value of 46 tons per acre for the 1.6
million acres of planted pine is not
surprising (table 16). The number of
sample plantations established before
the Soil Bank era was too small to esti-
mate yields beyond the 41-50 age class.
Results show that fully stocked good

8

sites will yield 100 tons of biomass per
acre in 30 years.

The 4.7 million acres of natural pine
contained an average of 88 tons of
biomass per acre (table 17). Fully
stocked natural pine stands on good sites
produced more than 100 tons of biomass
per acre in 30 years. For all age
classes, fully stocked natural pine
stands on good sites produced about nine
times more biomass than did the poorly
stocked stands on poor sites.

The average biomass on the 2.3 million
acres of oak-pine was 80 tons per acre
(table 18). Many of these stands are on
sites from which pines were harvested
but not adequately regenerated. Biomass
yield data presented in table 18 reveal
that fully stocked oak-pine stands on
good sites can achieve 100 tons per acre
in 40 years. For all age classes, fully
stocked oak-pine stands on good sites
produced over nine times more biomass
than did the poorly stocked stands on
poor sites.

Upland hardwoods occupied more than 7.1
million acres. Like oak-pine, many of
these stands are on sites that previously
supported pine., Since a large percentage
of upland hardwood stands are more than
30 years old, their combined woody
biomass averaged 93 tons per acre (table
19). Many of these stands are on sites
that were harvested but not adequately
regenerated. Results show, however, that
fully stocked upland hardwood stands be-
tween 31 and 40 years old and on good
sites will produce 100 tons of biomass
per acrej in all age classes, fully
stocked stands on good sites produce over
six times more biomass than the poorly
stocked stands on poor sites.

Finally, the 2.7 million acres classed
as lowland hardwood contain more than 109
tons per acre (table 20). This manage-
ment class alone makes up 18 percent of
North Carolina's woody biomass. The high
weight is attributed to the large propor-
tion (72 percent) of these stands that
are 31 years of age or older. Also, more
than 68 percent of the stands were fully
stocked. Fully stocked lowland hardwood
stands between 31 and 40 years old and on




good sites will yield 100 tons of biomass
per acre. For all age classes combined,
these stands contained about 12 times
more biomass than the poorly stocked
stands on poor sites.

Reserved Timberland and Woodland
Biomass Resource

North Carolina's 0.5 million acres of
reserved timberland and woodland support
about 52.5 million tons of wood and bark
in trees 1.0 inch d.b.h., and larger. For
analysis, each of these areas is further
classified by forest type (table 21).
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Figure 3.--Percentage distribution of woody biomass
on reserved timberland, by forest type, North
Carolina, 1984,

Figure 3 shows that 68 percent of more
than 459,000 acres of reserved timberland
is classified as oak-hickory and accounts
for 62 percent of the woody biomass. More
than 85 percent of these forests are
located in the Mountains, mostly in the
Great Smoky Mountains National Park and
wilderness areas on National Forests.
Yellow pine types make up 12 percent of
the acreage and account for about 15 per-
cent of the biomass. Maple-beech-birch
is the third leading type, accounting for

8 percent of both the acreage and biomass.
Oak-gum—-cypress, white pine-hemlock,
spruce-fir, and oak-pine make up the
remainder of acreage and woody biomass.

On woodland, oak-gum-cypress stands
make up about one-half of the acreage and
account for 72 percent of the biomass on
these lands.

Table 21 shows the average green weight
per acre, by forest type. On reserved
timberland the woody biomass averaged 113
tons per acre. By forest type, the
average weight per acre ranges from a low
of 74 tons in spruce-fir stands to a high
of 157 tons in white pine-hemlock stands;
however, these latter stands support only
6 percent of the woody biomass because of
the small acreage in this type.

Nonforest Biomass Resource

Up to this point we have quantified the
woody biomass on all forest lands in
North Carolina. To make a comprehensive
evaluation of total biomass for the
State, we need to evaluate the biomass
associated with nonforest land uses. In
many cases this associated biomass takes
on the appearance of forest land but does
not qualify because of size or configura-
tion. Good examples are strips or
stringers along highway medians, riparian
zones, isolated trees in pastures, trees
along a fence row, or trees in city
parks.

To aid in the stratification of woody
biomass on the nonforest lands, a crown
closure code, which reflects the per acre
stocking of trees 1.0 inch d.b.h. and
larger, was assigned to each plot. For
example, a crown closure of zero would
indicate no biomass. At field points, 10
percent crown closure classes are
recognized. For this analysis we devel-
oped three classes: 1-29, 30-59, and 60+
percent,

North Carolina's 12.3 million acres of
nonforest area represent about 39 percent
of the total land area of the State and
support over 43 million tons of woody
biomass. Of the 12.3 million acres, only
3.7, or 3 out of every 10 acres of non-
forest land, have woody biomass. Table



22 shows that 46 percent of the nonforest
area consists of urban and other; 20 per-
cent, cropland; 18 percent, improved
pasture; 9 percent, other farmland; 5
percent, idle farmland; and 2 percent,
marsh and water,

More than 8.6 million acres, or 70 per-
cent, of the nonforest land in North
Carolina have no woody biomass. The
majority of this nonforest land (76
percent) is currently being used for
agricultural crops and improved pasture.

Table 23 shows the average tons per
acre by crown closure. For nonforest
areas with woody biomass (3.7 million
acres), the average weight per acre
ranged from 6 to 40 tons. For all non-
forest areas, the woody biomass averages
about 12 tons per acre.

About 2.7 million acres of nonforest
land have a crown closure class of 1-29
percent. The nonforest uses within this
class contain an average of 6 tons per
acre. By land use, average weight of
woody biomass ranged from 4 tons per acre
for other farmland to 10 toms per acre
for both improved pasture and noncensus
water. The biomass associated with non-
census water is primarily in trees
standing along canals and on margins of
ponds.

Another 0.7 million acres of nonforest
land have crown closures averaging 30-59
percent. Woody biomass in these non-
forest uses averages 22 tons per acre.
By land use, average weight of biomass
ranged from 16 tons per acre for noncen-
sus water to 24 tons per acre for
improved pasture.

Finally, more than 0.3 million acres of
nonforest land have crown closures of 60+
percent. These nonforest uses contain an
average of 40 tons per acre. By land use,
average weight of woody biomass ranged
from 17 tons per acre for idle farmland
to 68 tons per acre for cropland. The
biomass associated with cropland is
mainly in trees in small tracts of forest
less than 1 acre that is interspersed
between nonforest uses.

Table 24 shows the distribution of
forest biomass, by land use and selected
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species groups. Yellow pine is the
leading species in terms of total
biomass, followed closely by the oaks.
Both the yellow pine and oaks combined
represent over 61 percent of the total
biomass. By land use, urban and other
uses support the largest amount of woody
biomass with 53 percent of the total
weight; improved pasture supports 19
percent; cropland, 14 percent; other
farmland, 9 percent. The remaining 5
percent is distributed among idle
farmland, marsh, and noncensus water.

Conclusions

Several conclusions can be drawn about
the quantity, composition, distribution,
and prospective availability of woody
biomass in North Carolina in 1984.

North Carolina's 31.2 million acres of
land area support 1.7 billion tons of
woody biomass. Timberland supports 1.6
billion tons of biomass, or an average
of 89 tons per acre; reserved timberland
and woodland support over 52 million
tons, or an average of more than 104 tons
per acre; and nonforest land having
woody biomass supports over 43 million
tons, or an average of 12 tons per acre.

Within timberland the total woody
biomass on a per acre basis exceeded the
green weight of conventional growing
stock by 49 percent. Conventional
growing stock accumulates somewhat faster
in pine stands, especially in pine plan-
tations, than in oak-pine and hardwood
stands. By broad management class across
all age classes, average weight of con-
ventional growing stock ranged from a low
of 28.7 tons per acre in pine plantations
to a high of 71.5 tons per acre in
lowland hardwood stands.

Annually, since 1974, over 206,000
acres experienced a final harvest and are
not artificially regenerated. This aver-
age excludes commercial thinning, other
intermediate cutting, and land clearing,
Woody biomass left in standing trees
after harvest averaged approximately 24.2
tons per acre. An examination of these
stands shows that more than 89 percent of
the trees are between 1.0 and 5.0 inches
d.b.h.



More than 2.0 million acres of timber-
land were too poorly stocked with accep-
table trees to manage for timber produc-
tion unless regenerated. This acreage
supported an average of 33.2 tons per
acre of woody biomass composed mostly of
rough, rotten, and other low-quality
trees, although these acres accounted for
about 4 percent of the total biomass,
Most of this biomass could be removed and
used for energy without adversely
affecting prospective timber supplies.

About 33 percent of the woody biomass
was in stands where prospective energy
wood could be harvested in harmony with
conventional forestry practices and
opportunities for enhancing future timber
growth. The remaining 67 percent was in
stands either exhibiting no treatment
opportunity or on adverse sites.

More than 11 percent of the biomass was
in rough and rotten trees and could be
removed without adversely affecting
existing supplies of sawtimber. Over 40
percent of the woody biomass in rough and
rotten trees was in the boles of trees
5.0 inches d.b.h. and larger; 60 percent
was in saplings, stumps, tops, and limbs.

Given a few reasonable assumptions
about the removal of biomass from
recently harvested stands and poorly
stocked stands, an estimated 12.8 million
tons of woody biomass could be harvested
annually in North Carolina over the next
two decades without adversely affecting
timber supplies. The green weight of

this energy wood is about 59 percent of
the total green weight of harvest of
industrial roundwood in North Carolina
for 1983,

For all management classes, fully
stocked stands on good sites yield about
nine times more biomass than the poorly
stocked stands on poor sites. Fully
stocked pine stands on good sites can
produce 100 tons of forest biomass per
acre in 30 years, but oak-pine and hard-
wood stands with the same stocking and
site criteria take 40 years.

Reserved timberland and woodland make
up about 2 percent of the land area in
North Carolina and support over 52
million tons of woody biomass, or an
average of 104 tons per acre. Of the 0.5
million acres of reserved timberland and
woodland, over 91 percent is classified
as reserved timberland. Oak-hickory is
the leading forest type and accounts for
over two—thirds of the biomass. By
forest type, the average tons per acre
ranged from a low of 74 for spruce-fir
stands to a high of 157 for white pine-
hemlock.

Of the 12.3 million acres of nonforest
land in North Carolina, about one-third
supports woody biomass. Land for non-
forest uses having woody biomass averaged

from 5.9 to 40.4 tons per acre when sample

plots were stratified by crown closure.
Yellow pine is the leading species in
terms of total biomass. By land use,
urban and other supported the largest
amount of total biomass.

11
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Table 4.--Area of timberland treated or disturbed annually and retained in timberland, by

treatment or disturbance and broad management class, North Carolina, 1974 to 1984

a
Broad management class

Recent past All
treatment or management Pine Natural Oak- Upland Lowland
disturbance classes plantation pine pine hardwood hardwood
--------------- Agcres — = = = = - = = - = - - 2 -~~~
Harvesting followed
by artificial
regeneration 53,158 1,335 30,248 7,137 14,283 155
Other harvesting 206,618 1,322 92,015 27,601 61,114 24,566
Selection cutting and
high grading 60,366 680 12,573 10,149 25,300 11,664
Commercial thinning 29,859 10,570 12,938 1,736 3,306 1,309
Other cuttingP 51,564 1,286 13,129 5,862 28,509 2,778
Natural disturbance 196,649 15,187 86,729 24,359 45,423 24,951

aClassif‘ication before treatment or disturbance.

bIncludes stand improvement, cleaning, release, intermediate cutting, and other miscellaneous

treatments.
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Table 5.--Average green weight of forest biomass per acre of timberland, by treatment or

disturbance and broad management class, North Carolina, 1974 to 1984

- a
Broad management class

Recent past All
treatment or mahagement Pine Natural Oak- Upland Lowland
disturbance classes plantation pine pine hardwood hardwood
--------------- Tons/acre = = = = = = = = = =« - = - - ~
Harvesting followed
by artificial
regeneration 6.2 9.1 6.1 6.5 6.0 15.1
Other harvesting 24.2 12.8 18.3 27.5 29.7 28.1
Selection cutting and
high grading 83.1 47.0 78.0 92.2 171 101.2
Commercial thinning 75.4 77.3 71.8 - 79.4 90.0
Other cuttingP 85.4 42.6 90.7 58.5 89.8 92.5
Natural disturbance 103.1 65.1 102.4 107.1 112.1 105.6

aClassif‘ication before treatment or disturbance.

bIncludes stand improvement, cleaning, release, intermediate cutting, and other miscellaneous

treatments.
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Table 6.--Area of timberland, by treatment opportunity and broad management classes,

North Carolina, 1984

Treatment All Broad management class
P iass | olasses  planiafion "SRt PG nPEGS  hardues
----------------- ACres = = = = = = = = = = = = = = =
Salvage 59,399 30,697 13,260 8,128 6,414
Harvest 1,907,561 490,821 267,252 688,932 460,556
Commercial thinning 868,775 508,332 12,555 26,941 30,194
Other stand
improvement 1,364,701 347,604 236,498 514,086 217,516
Stand conversion 217,526 19,712 14,442 118,970 57,026
Regeneration 2,022,545 454,000 309,307 797,494 HuT,695
None® 9,162,776 2,659,422 1,222,788 2,983,983 1,063,376
Adverse sites® 2,846,986 220,486 200,568 1,986,320 421,092
All stands 18,450,269 4,731,074 2,276,670 7,124,854 2,703,869

8Immature stands sufficiently stocked with growing-stock trees relatively free from damage

or competition.

bAr'eas where harvesting and timber management opportunities are severely limited

because of either steep slopes or water problems.
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Table 7.--Average green weight of forest biomass per acre of timberland, by treatment
opportunity and broad management classes, North Carolina, 1984

Treatment All Broad management class
opportunity management Pine Natural Oak~ Upland Lowland
class classes plantation pine pine hardwood hardwood
--------------- Tons/acre = = = = = = =« = = = = = - - =
Salvage 123.2 (a) 145.7 106.0 94 .1 104.9
Harvest 141.1 - 143.0 136.1 134.6 151.7
Commercial thinning 123.9 100.1 131.2 137.8 161.9 190.0
Other stand
improvement 57.2 38.9 59.5 51.2 57.8 62.8
Stand conversion 54,7 24.3 39.3 48.4 62.9 48.5
Regeneration 33.2 16.1 16.5 33.4 39.0 4o .4
None® 82.1 32.8 83.8 81.0 92.7 106.1
Adverse sites® 119.7 115.9 102.9 104.0 112.2 171.9
All stands 88.6 45.9 87.9 80.2 93.4 109.5

aSample was too small to provide a reliable estimate.

bImmature stands sufficiently stocked with growing-stock trees relatively free from damage

or competition.

CAreas where harvesting and timber management opportunities are severely limited
because of either steep slopes or water problems.



Table 8.--Green weight and percentage distribution of wood and bark
biomass on timberland, by major species group and biomass component,
North Carolina, 1984

Species group

Biomass All
component species  Yellow Other Soft oaks Other
pine softwood hardwood hardwoods
------- Percent of green weight - - - = - -
Growing stock

Bole 67.1 77.9 T4.5 64.2 69.1 4y .8

Stumps, tops,
and limbs 14,3 14.3 15.3 12.9 18.0 10.9
Saplings 7.7 7.0 6.4 1.0 5.2 6.2
Total 89.1 99,2 96.2 88.1 92.3 61.9

Rough & rotten
Bole 4.4 .3 2.4 5.4 4.1 12.2

Stumps, tops,
and limbs 1.6 .1 .9 1.7 1.4 5.0
Saplings 4.9 A .5 4.8 . 20.9

Total 10.9 .8 3.8 11.9 . 38.

All classes 100.0 100.0 100.0 100.0 100.0 100.0

Green weight '
(million tons)  1,638.4 458.9 64.6 500.9 380.1 233.9
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Table 16.--Average green weight of forest biomass per acre of timberland
supporting pine plantations, by site, stocking, and stand-age classes,
North Carolina, 1984

. _ a
Site and ALl age Stand-age class (years)
stocking classes classes
0-10 11=20 21-30 31-40 41-50
---------- Tons/acre = « = = = = « « =
Good sites
Fully stocked 4.3 11.1 71.5  114.7 95.2 192.3
Medium stocked 49.0 8.8 51.3 69.4 T72.7 -
Poorly stocked 9.1 (b) 12.6 - - -

All stands 69.1 10.5 68.7 104.3 85.0 192.3

Medium sites

Fully stocked 43.9 8.6 60.5 87.2 72.3 -
Medium stocked 17.4 5.6 34,4 45,7 - _—
Poorly stocked 10.6 3.9 17.2 - - -
All stands 37.7 7.7 54.4 85.9 72.3 -

Poor sites
Fully stocked 22.7 6.7 33.0 43.4 - _—
Medium stocked 9.8 6.9 14.3 (b) - -
Poorly stocked (b) - - (b) - -
All stands 18.2 6.8 28.5 33.7 - -

All sites
Fully stocked 52.3 9.0 62.6 98.9 86.8 192.3
Medium stocked 25.1 6.2 35.4 65.1 T2.7 -
Poorly stocked 9.7 3.9 16.3 - - -
All stands 45.9 8.1 57.1 93.4 81.9 192.3

aMor'e than 98 percent of pine plantations were less than 31 years old.

bSample was too small to provide a reliable estimate.
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Table 21.~-Area and green weight of woody biomass per acre of timberland, by
forest type, North Carolina, 1984

o e e 1L T s

----- Acres = = - - - - - - - Tong/acres = = = =
Spruce-fir 9,525 9,525 - 74.3 T4.3 -
White pine-hemlock 18,713 18,713 - 156.8 156.8 -
Loblolly-shortleaf pine 62,185 54,293 7,892 128.7 147.3 .5
Oak=-pine 3,209 3,209 -— 79.1 79.1 -
Oak-hickory 327,691 313,819 13,872 98.2  102.1 10.8
Oak-gum-cypress 43,837 22,792 21,045 89.5 154, 4 19.3
Maple-beech-birch 37,427 37,427 - 119.5 119.5 -
All types 502,587 459,778 42,809  104.4  112.9 13.1
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Table 22.--Area of nonforest land, by land use and percent crown

closure, North Carolina, 1984
Land use clgéées Percent crown closure class
1-29 30-59 60+
----------- Agres = = =« = = « = = = =~
Cropland 740,659 634,589 85,655 20,415
Improved pasture 663,487 537,114 88,864 37,509
Idle farmland 167,327 144,064 12,009 11,254
Other farmland 326,161 208,478 82,837 34,846
Urban and other 1,689,021 1,080,189 409,932 198,900
Marsh 30,418 30,418 - -—
Noncensus water 43,479 29,873 13,606 -
All uses 3,660,552 2,664,725 692,903 302,924




Table 23.--Per acre green weight of wood and bark biomass

associated with nonforest land, by land use and percent crown

closure, North Carolina, 1984

Land use A1l Percent crown closure class
classes 1-29 30-59 60+
-------- Tons/acre = = = = = -« - -

Cropland 8.0 4.6 18.9 68.3
Improved pasture 12.3 10.0 24 .1 18.5
Idle farmland 9.5 8.0 20.3 17.3
Other farmland 1.7 3.9 20.9 36.8
Urban and other 13.7 4,6 23.2 43.6
Marsh 6.5 6.5 - _—
Noncensus water 1.6 9.8 15.5 -
All uses 1.9 5.9 22.3 4o.4
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The Forest Service, U.S. De-
partment of Agriculture, is dedi-
cated to the principle of multiple
use management of the Nation's
forest resources for sustained
yields of wood, water, forage,
wildlife, and recreation. Through
forestry research, -cooperation
with the States and private forest
owners, and management of the
National Forests and National
Grasslands, it strives—as di- - -
rected by Congress—to provide
increasingly greater service to a
growing Nation. -

USDA policy does not permit discrimination because of
race, color, national origin, sex or religion. Any person
who believes he or she has been discriminated against in
.-any USDA-related activity should write immediately to
the Secretary of Agriculture, Washington, D.C. 20250.



